cipitating or causative factor is apparent. [4] [5] [6] The presence of left ventricular dysfunction has recently been recognised and may possibly contribute to the unacceptably high mortality rate.6-8 The purpose of this study was to assess the frequency and severity of left ventricular dysfunction in persistent pulmonary hypertension and to determine whether or not its presence affected prognosis or contributed to mortality. To achieve these aims we used computer assisted analysis of the left ventricular echocardiograms, a technique that has been used to evaluate both diastolic and systolic global and regional function in children and adults.9-I2 Left ventricular function in neonates with persistent pulmonary hypertension was (10 girls and 13 boys, age range 12-96 hours) whose birth weights ranged from 2*4 to 4-7 kg. Neonates were included in this study only if they fulfilled all of the following criteria: (a) full term gestation (>38 weeks); (b) normal birth weight; (c) no evidence of anatomical cardiac abnormality either clinically or by M-mode and cross sectional echocardiography (when the diagnosis was uncertain and congenital heart disease suspected, as it was in two infants, cardiac catheterisation was performed; this showed pulmonary hypertension and normal cardiac anatomy); (d) pulmonary arterial oxygen pressure (Pao2) <50 mm Hg on maximum ventilatory support with a fractional inspired oxygen content (FIo2) of 100%, an inspiratory pressure above 32 cm of water, and positive end expiration pressure (PEEP) of 4-10 cm of water; and (e) sinus rhythm with no electrocardiographic evidence of conduction disturbances. These strict criteria were selected so that there was no doubt that all the neonates in this study had persistent pulmonary hypertension, but in so doing we included those with the most severe disease which may represent only the severe end of this disease spectrum. Table 1 (Fig. 3) . In addition, diastolic relative wall thickness or h/R ratio was also significantly increased in the study group (p<0.001) (Fig. 3) ( Table 2) .
St John Suton, Meyer LEFT VENTRICULAR SYSTOLIC FUNCTION (FIG. 3) Although both percentage left ventricular cavity shortening and peak velocity of circumferential fibre shortening varied over a wide range, the mean values for the study group were significantly lower (p<002) compared with those for the controls (Table 2) . Mean percentage systolic wall thickening was lower (p<0 001) and regional dynamics assessed as normalised peak rate of systolic wall thickening were scattered over the normal range, but the mean value for the study group was significantly different from that for the controls (p<0001) ( Table 2 ). Thus both left ventricular cavity and regional systolic function in the study group were appreciably impaired overall.
DIASTOLIC VENTRICULAR FUNCTION (FIG. 3) There was little overlap of the peak rates of increase in left ventricular cavity diameter in diastole and the peak rates of left ventricular wall thinning between the study group and the controls, and the mean values were significantly decreased in the former (p<0001).
In addition the duration of the rapid filling period was increased (p<0-001) ( Table 2 ). These abnormal left ventricular filling characteristics are shown on the plot of continuous left ventricular dimensions and its first derivative (Fig. 2) ; left ventricular filling in the study group was not only slowed but also prolonged, with shortening or abolition of the normal period of diastasis. The isovolumic relaxation period, which we were able to measure in only 14 patients as the time interval from minimum left ventricular dimension to mitral valve opening, was also significantly longer in the study group than in the controls (Table 2) suggesting reduced left ventricular diastolic compliance. (Fig. 3) . In both groups, as in the study group as a whole, there was greater impairment of diastolic than systolic cavity and regional left ventricular function.
CLINICAL OUTCOME Of the 23 neonates in the study group, seven (30%) died from one to nine days (mean 3-9 days) after birth ( Table 1) . Three of the seven neonates who died were examined at necropsy. All three had concentric left ventricular hypertrophy and one also mild left ventricular cavity dilatation. Two of the three had severe subendocardial haemorrhage and papillary muscle necrosis in both the right and left ventricles with extensive subendocardial infarction of both ventricles.
Discussion
Persistent pulmonary hypertension of the newborn has been regarded primarily as a pulmonary vascular or right heart disorder. Computer analysis of the left ventricular echocardiograms in the 23 neonates in this study showed significant abnormalities of both systolic and diastolic left ventricular function. About one quarter of the patients died despite intubation and maximum ventilatory support with increased inspiratory pressure, correction of acidaemia, and treatment with vasodilator drugs. This inordinately high mortality may have been due in part to our selecting only infants with the most severe pulmonary hypertension for inclusion in the study.
Although M-mode echocardiography permits static measurements of ventricular chamber size, a possible shortcoming in assessing dynamic left ventricular function is that only a basal slice of the ventricle is reproducibly visualised. Nevertheless, in the absence of segmental abnormalities, which we presumed to be the case in these neonates with generalised hypoxaemia, echocardiographic recordings from the base were regarded as representative of the left ventricle as a whole.
Although end diastolic left ventricular cavity size was normal, percentage fractional shortening and peak velocity of circumferential shortening varied over a wide range. While these systolic variables could not reliably identify individual neonates with persistent pulmonary hypertension, the mean values for the group as a whole were significantly lower than for the St John Suton, Meyer controls, indicating impaired contractile function overall. More impressive even than the abnormalities of systolic cavity function was the impairment of diastolic cavity dynamics manifested as abnormal left ventricular filling characteristics. The rate of left ventricular filling was universally decreased with virtually no overlap with the controls. The duration of the rapid diastolic filling period was also prolonged in most infants in the study group with consequent shortening or abolition of the normal period of diastasis (Fig. 2) . Since the mitral valve leaflets and their motion pattern were normal and did not therefore obstruct blood flow at the left ventricular inflow tract the reduction in left ventricular filling was most likely to have been caused by decreased myocardial compliance, resulting at least in part from the concentric left ventricular hypertrophy. Further evidence for decreased left ventricular compliance in persistent pulmonary hypertension was the prolongation of isovolumic relaxation. 4 13 Left ventricular diastolic wall thickness varied, but the mean value for the study group as a whole was significantly increased compared with that for the controls, and in addition, the presence of concentric left ventricular hypertrophy was confirmed in the three neonates who were examined at necropsy. Relative wall thickness, which is virtually constant in the normal human left ventricle from birth to old age,"' 14 was significantly increased and may have resulted in part from the increased systemic vascular resistance recently reported in this disorder. '5 Regional myocardial function, the integral of which determines left ventricular cavity function, was also severly abnormal. Systolic and diastolic wall dynamics, which directly reflect myocardial contraction and relaxation respectively, were both significantly reduced. This impairment in cardiac muscle function in the study group could not be accounted for by any differences in heart rate, as these were the same as in the controls. It may, however, have resulted in part from the increased wall thickness and changed cavity architecture (relative wall thickness). The greater impairment of diastolic than systolic regional function was unexplained, but it was consistent with the similarly greater impairment of diastolic cavity function, since cavity function is simply an expression of endocardial movement, the determinants of which are muscle thickening and thinning.
To determine whether this detailed computer analysis of left ventricular function could identify some measurement of regional or cavity dynamics which might prove useful in prognosis, we compared survivors with non-survivors. Systolic and diastolic cavity and regional function were, however, equally abnormal in both groups ( More direct evidence for severe hypoxaemia resulting in ischaemia is provided by the subendocardial infarction which has been found at necropsy in neonates with severe cyanosis from congenital heart disease and normal coronary anatomy.22-26 It is of particular interest that these subendocardial infarctions are present in the left as well as the right ventricle.26 It was noL until very recently, however, that myocardial infarction and papillary muscle necrosis in the right and left ventricles were recognised in neonates with severe hypoxaemia due to birth asphyxia, aspiration, intracranial haemorrhage, and hyaline membrane disease in the absence of any congenital heart disease.27 28 Myocardial ischaemia has also been shown by thallium imaging in neonates with hypoxaemia due to the respiratory distress syndrome.29 Such severe hypoxaemia is commonplace in persistent pulmonary hypertension of the newborn. Of our three neonates who were examined at necropsy, two had severe subendocardial haemorrhage and infarction in the right and left ventricles indicating myocardial ischaemia as a probable aetiological factor, which in the most severe circumstances results in infarction and when of lesser severity results in major left ventricular dysfunction.
The fourth major contributing factor to left ventricular dysfunction is metabolic acidaemia, which even in the absence of hypoxaemia may decrease myocardial contractile function.30 When acidaemia is accompanied by severe hypoxaemia, as it is in persistent pulmonary hypertension of the newborn, the deleterious effect is greater than with either hypoxaemia or acidaemia alone, because acidaemia potentiates the vasoconstrictor effect of hypoxaemia.32 Thus a vicious cycle ensues in which further pulmonary vasoconstriction and rise of pulmonary artery pressure causes increased right to left shunting, greater oxygen desaturation, and exacerbation of pulmonary arterial vasospasm. Although most of our patients were in relative acid base balance at the time of their echocardiograms, the effects of earlier acidaemia and hypoxaemia on left ventricular function may still have been present.
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